Scanning probe microscopy (SPM) is the most versatile surface chemical analysis method both in the measurement functions and the operational environments. Recent activities and future outlook for SPM standardization through the International Organization for Standardization (ISO) is briefly reviewed. Following the highly prioritized item of standardization, SPM terminology, the data transfer format shall be standardized in order to enable the access to and processing of SPM data collected by different types of instruments. The present status of the development of open software for import of original data, conversion to standard format, comparison and processing are discussed.
Introduction
Followed by the pioneering work of Topografiner invented by R. Young and coworkers in 1971 [1] , scanning tunneling microscopy (STM) was invented by G. Binnig, H. Rohrer and coworkers at IBM Zurich Research Laboratory in 1981 [2] . Due to its outstanding spatial resolution, enabling visualization of individual atoms at surfaces for the first time, the Nobel Prize in physics 1986 was awarded to G. Binnig and H. Rohrer "for their design of the scanning tunneling microscope". In 1986, Atomic Force Microscopy (AFM) was invented by G.
Binnig, C.F. Quate and Ch. Gerber, enabled the imaging on insulating surfaces in addition to conductive ones [3] .
Since then, various types of scanning probe microscopes (SPMs) have been developed. Measurement and characterization of various surface properties have been realized by using SPMs. Since the SPM measurement head is generally easy to dwarf, it is possible to be used in various environments such as ultrahigh vacuum, liquid, variable temperature, variable magnetic field, stress field, and so on [4] . By utilizing interaction between probe and surface, SPMs can be applied as versatile tools for nanotechnology such as atom operation, nano-deposition, nano-lithography, phase control and so on [5] . During the decade, global market of SPM has been growing steadily with the annual growth rate of about 10 % [6] . Specifically, Asia and the Pacific become the main market and the Europe and North America follow. In the industrial world, the semiconductor and nano-electronics industry is the main market and next, the growth in the life-science biotechnology field is remarkable.
In the case of measurement technique, the technique ripens, and the forming of a worldwide market and the generality rise and the research of the standardization goes into full swing. As for the surface-sensitive measurement techniques, such as Auger electron spectroscopy (AES) and/or X-ray photoelectron spectroscopy (XPS), the research and development began from the 1950s, but the commercial instruments appeared from the 1970s and the market for AES and XPS was formed. After about 20 years lapsed after the appearance, the research of the quantification and the reliability which pointed standardization went into full swing from the 1980s.
As SPM instruments were commercialized in late 1980's and used as all-round surface analysis tools in research laboratories and manufacturing factories in 1990's, the needs to the quantification and the standardization rose. Due to the rapid advances in technical innovations and the wide variety of SPMs, relatively little effort has been devoted to the quantification and standardization of SPM as a reliable surface analysis method.
For example, the definitions of technical terms used for
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SPM had some ambiguity. Different terms were used for almost identical methods, leading to unwanted misunderstandings for users. Therefore, the nomenclature and terminology of SPM shall be given as one of the items with high standardization needs. Since the manufacturers of SPM instruments developed their own data formats using their own terminology, it was difficult to compare the data taken by different instruments. Therefore, the standardization of data transfer format for SPM is highly wanted, which will facilitate access to and processing of SPM data collected by different manufacturer's instruments.
In this paper, we describe recent activities and researches related to SPM standardization, mainly activi- selected as the top priority item to be standardized [7] . In 
Basic structure
For the flexibility for the future expansion and the data type generality, the basic structure of the format is a sim- 
Data array conventions for mapping
Following the common header information, each element of a two dimensional array for a SPM image shall be lined on the x-y plane according to the local x and y coordinates. The temporal order of each pixel of the acquired data array can be deduced by the scanning specifications described in the corresponding header. In the case of single-channel mapping with raster scan mode, a two-dimensional map of a specified physical quantity is represented by a matrix of real numbers. If the sampled map has M rows and N columns, then the corresponding matrix z(i, j) is of size M×N. The coordinate convention to denote such an image array is shown in Fig. 2 .
Fig. 2 Coordinate convention for an image matrix z(i, j).
The origin of the coordinate system is at (1, 1) . The formats for single-channel and multi-channel mapping data with raster scanning are a single column data array and a multi-column data array as shown in Fig. 3 (a) and (b), respectively. The maximum number of channels is limited by the maximum number of characters acceptable in each text line. The delimiter separating each data element shall be a comma. In the case of irregular mapping, the values of x and y coordinates shall be added as shown in Fig. 3 (c) . Fig. 3 The formats for (a) single-channel raster mapping data, (b) multi-channel raster mapping data, and (c) irregular mapping data.
Spatial geometry
Specification of the measurement geometry of SPM is an essential pre-requisite for quantitative analysis. General relationship between a probe and a sample stage is shown in Fig.4 (a) . XYZ coordinates or global coordinates are placed on the plane of a sample stage. Spatial position of a probe can be specified by the XYZ coordinates as shown in Fig. 2 (b) . To specify the geometrical arrangement of a probe on the XY plane is particularly important because the tip shape of a general cantilever probe is anisotropic. Therefore, it is required to specify the angle between the probe and X axis in the XY plane in order to correct a possible artifact due to the shape of a probe tip. 
Open software for data conversion
The potential benefits of the standardization of data transfer format are as follows; (1) Using the common terminology for the description of instrumental specifications and experimental conditions, SPM data can be treated more quantitatively, (2) SPM data taken by different machines can be shared and treated consistently, and (3) the development of SPM data treatment programs and the establishment of SPM database will be more promoted.
It is highly expected that the conversion program from the original native data format of the SPM manufacturer to the standard data transfer format will facilitate the exchangeability of the SPM data and promote the development of unified data processing programs that contribute for the quantitative analysis to improve. We have developed such data conversion software which is based on ISO 28600:2011 as shown in Fig. 5 (a) . It is open software and is made accessible in the home page of National Institute for Materials Science (NIMS) [18] . Not only can the user convert the native SPM data into the standard data format compatible with ISO, but also can edit the header items, and save the data as a binary format file with the same header information.
At the next stage of the data management and treatment, the standardization of SPM data processing methods such as tilt correction, noise reduction, probe shape evaluation, image reconstruction, drift correction, and so on shall be promoted. For example, extraction of probe shape function from the AFM images of a tip characterizer is shown in Fig. 5(b) [19] . 
